This paper investigates the control system design of magnetic forces using independent motion control of permanent magnets. In the permanent magnet bearing system, the radial motions of the rotor are passively supported by repulsive forces between ring-shape permanent magnets. The state-variable feedback control scheme is discussed for the stabilization of axial motion.
INTRODUCTION
There are several methods to support a moving or rotating mass by using magnetic forces without any mechanical contact [1 -4] one of the principal methods is to use the repulsive forces of permanent magnets. In that type of magnetic bearing system the rotor is levitated by the repulsive forces between two ring-shape permanent magnets. Such a system does not need any energy to generate the levitation force and is stable in direction of repulsive forces (F R ), but unstable in the normal direction to the F R . The stabilization in this direction by moving a magnet for support like an inverted pendulum is possible. In the previous works [5 -6] , an experimental device, using PD control, was developed where the permanent magnets for support are mechanically connected. We propose a modified configuration in which the permanent magnets are independently controlled [7] . The new developed system achieves the levitation of rotor also by using ring-shape permanent magnets which are fixed on and moved independently by two VCM's using state -variable feedback control. Figure 1 shows the principal positioning of magnets. Figure 2 shows a schematic diagram of the developed magnetic bearing apparatus using the motion control of permanent magnets. It is an outer-rotor type and includes one ring-shape permanent magnet at the each end. Each voice coil motor drives an inner permanent magnet for support. The displacement of rotor is detected by sensors 1 and 2. Since all motions in the radial directions are passively supported by repulsive forces, we assume, for the simplicity, that the rotor moves only in the axial (horizontal) direction. Figure 3 shows a physical model of the system illustrated by Fig. 2 .
MECHANICAL CONSTRUCTION AND MODELING

Mechanical Construction.
Modeling.
where : lateral factor's between the magnets
The total forces produced by voice coil motors are F p1 and F p2 . The gravitational force acting on the rotor and the radial forces between the permanent magnets are balanced in the equilibrium states. For small deviations from the equilibrium, the equations of motion become
The VCM's are controlled to produce force following a command signal inputted to the driver circuit:
where
From the (1) to (4), the state space model describing the dynamics of the system is obtained as
where -528- 
CONTROL DESIGN
For optimization we choose the state-feedback control as one of control schemes for stabilization. Since the system described by Eq. (5) is controllable, the close-loop poles can be arbitrary assigned by state variable feedback. The control input is represented by:
The poles of close loop system are selected as -50 + 25j; -50 -25j; -50 + 50j -50 -50j; -50 + 75j; -50 -75j
The feedback matrix F n for the VCM's become as Figure 5 shows a photograph of experimental device with parameter in Table 1 . Figure 6 shows a 3D model of rotor with permanent magnets. Their inner diameter is 24 mm and outer diameter is 32 mm. The ring shape permanent magnets for support have a 7mm inner and 12 mm outer diameter. In the figure 7 we can see also step response of rotor, the deviation of rotor from the equilibrium is kept within +20 µm . On fig. 8 we can see the frequency response where input is current and output is the displacement, the hollow at around 16 Hz is possibly caused by tilt motions of floator, the following run of curve can't be explained at this moment. 
EXPERIMENT
CONCLUSION
The design of a repulsive magnetic bearing apparatus using independent motion control of permanent magnets was discussed. The results show a possibility to control levitation of an object more flexibly. The repulsive force between the permanent magnet can be adjusted by shifting the alignment of the magnets in the axial direction. Therefore the stiffness in the axial direction can be altered. The research on this behavior and the possibility to adjust the stiffness actively and dynamically is under way.
